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Analpie of basia  design variables on the performance of an 
axial-flow coanpreseor has iadiuated that the u8e af a design 
incorporating  constant total enthalpy w i t h  sgPrmetrica1 veloolty 
diagram at a11 radii has several advantagse over the more camon 
vortex-f low-type cmpreaeor. An Investigation of a typical inlet 
stage of a multietage arial-flow compressor that was desieplea on 
thie baeia vae therefore condwted. The stage, cosehtiag of 
19 rotor blade8 8di 20 stator blades with 40 inlet guide vanes, 
had a hub-to-tip-radiue ratio at the  rotor inlet of 0 -50 and a 
rotor-blade  outeide  diameter of 14 inohee. The ra t io  of the mlsl 
velocity component t o  the t i p  epeed w88 set at 0.60 at the  rotor- 
in le t  hub. The rotor and s ta tor  blades were of canstant ~ ~ 0 8 s  
eection from hub t o  t i p  and had a m o d i f i &  IUU2.A 65-(12)10 ppzofile. 

Rotor-blade perfomanoe is preeented aa plot8 aP angle of attack 
againet  turning angle and redial  dietribution uf energy addition. 
The turning angles and, coneequently, the energy addition were low 
compared with design values at deaign w e i g h t  flow. Thie deviation 
was attributed largely to the fact that too l i t t l e  allowaaoe was d e  
for the  decrease in turn- angle due t o  the low solfdit iea and high 
stagger angles encountered near the rotor-blede t i p .  

A maxirmrm efficiency of' 0.97 at the  design a p e d  of 18,060 rpn 
with a pressure r a t io  aP 1.18 aab an air weight flow crf 24.5 pounds 
per second was obtain& for the ccmpremsor etage. A msrhum p e e -  
sure ratio of 1.28 11788 reached with em efficiency of 0.90 at deaiep 
speed w i t h  an air weight flow of 21.0 pOuadS per eecand. These ccmbi- 
nations of' weight flow anb preesure r a t io  were good for a c a n p e e o r  
stage  with a hub-to-tip-radius ratio of 0.50. In addition, the high 
rotative speed af this inlet-etage design will permit higher preesure 
ratios over the later stages of a multistage cun.preseor. - 

The data  indicated that the uee of a varisble-cmiber blade 
might have minimized the radial variatione in energy addition and 
permitted the ent- blade t o  work in a region of lov drag over a 
large range of weight flow. 



The free-vortex  canpressor design has been extensively wed 
becauee of the simplicity a d  the accurmy with whfch the flow can 
be calculated. An anslyeis of the effect af baeio deeign variables 
on the performance of axial-f low compressors (reference 1) lndioated 
that the w e  of' constant t o t a l  enthalpy with a egnmetrical velocity 
d i w a m  at call radii hae several advantsgea, the most important of 
whloh eux higher preeaure ra t io  per apd hiefier mu88 flow f o r  
a given blede-loading and Mach number limitstion. The eylrPnetrlca1 
diagram also reeulte i n  a smaller radial variation of re lat ive Mach 
number acrose the flow paseage at the  rotor inlet than that f o r  a 
free-vortex design. Thue the limitationa c 8  blade loading o r  turning 
and Mach number becaane lege restrgining. 

In order t o  study the perfonaanoe of a canpreasor stage using 
a eymmetrical velocity diagrm at  a l l  radii, the ITAM Lewis labo- 
ratory designed, b u i l t ,  and investigated a single-atage compreseoa. 
that was representative of an iniet stage of a multfetage ccmpreesar. 
A typical inlet stage was chosen for thirr investlgaticm because the 
long  blades of an inlet stage enable a greater variation of flow 
codi t lane across the passage and beoeLuse of the Importance of thie 
stage t o  the multistage capnpreseor, In general, the quantity and 
the type of flow distribution through the inlet stage govern the 
flow through 8 multistage capressor, and the Mach number limitatians 
se t  the rotative speed. 

The canpressor investigated had a 14-Inoh diameter and a hub- 
to-tip-radius  ratio of 0.50 at  the rotor fnlet. W e  stage ooneleted 
of 19 rotor blades and 20 stator blades with 40 in le t  guide vane8 
t o  provide the required  prerotation. The rotor and stator  blades 
were of constant  eectian f'Pa.n hub t o   t i p  and used a modified 
mCA 65-(12)lO blade prof i le .  The guide m e 8  were of sheet metal 
with a ciroular-arc &berm 

The performance of the oanpressor was investigated at equiv- 
alent speeds of 9030, 13,545, and 18,060 rgm representing me-half 

tively. In additfan t o   t he  inlet and outlet measurements required 
f o r  evaluating the Over-811 campreesm perfoxmaace, flaw measure- 
menta were made betweeq blade rows. The et&ge performance l e  pre- 
sented in curve8 of adlabatlo  temperature-rise  effioiency and total -  
pressure r a t io  etgshst corrected weight flow for the three speede. 
Rotor-Blade-row performance is dlsouesed in terme of d i a l  die- 
t r i b u t i m  of energy addition and the variatian of turning angle 
with angle of attack. 

design awed, " 8 0 - f O u r t h B  desi- Speed, aad design 8pWd, Z W 8 p C -  
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The followfng aynibole are used in the equatlatm and on the 
figures : 

P tota l  pressure, (lb/sq f't absolute) 

P 

r 

U 

V 

V' 

"6 

a 

B' 

stat io  pres-, (lb/aq ft abaolate) 

radius to blade elament, (f%) 

velocity of blade at radius r, (f!t/eec) 

ab6OlUte a- velocity, (fi/sec) 

air velocity relative to rotor, (ft/sec) 

w e i g h t  flow oorrected to standard sea-level preeeuret a d  
temperature, (Ib/aec) 
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P deraity (elugs/cu ft) 

Ls blade-elearsnt solidity, ra t io  of ohord length t o  distance 
between adjscent blades 

CP blade-angle setting, (deg) 

Subecripts : 

1 inlet t o  rotar 

2 outlet of rotor 

0 referred t o  equivalent 0oxwtan-t axial vedoclty diagrtun 

diagmn at all radii. The design procedure vas based an the fol- 
luw- initial assumptione: 

(2) mal velocity is colletant at a given radiue within a 
blade row. 

( 5 )  Limit ing relative Mach number = 0.725 at  rotor inlet. 

(4) Limit- ~ C L  = 0.77 for rotor. 

(5) Ratio VZ&, = 0.6 at the r o w  W e t  at  the hub 
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The rotm had 8 t i p  diameter of 14 inahee end a hub-to-tip- 
radiue ra t io  of 0.500 at the inlet to the rotar-blade row and 
0.567 at  the outlet  of the Btator blet8ee. The aria1 epaoing 
between blade rows was approrlmately 0.5 Inoh. The radial 
at Ian of blade data is given in table I . 

A eoh€~wrtio diagran of the setup i e  shown in flgure 3. A i r  
entered through an orifice tank 8nd a motor-operated inlet throttle 
into a depreeaion tank 4 feet In diameter equipped wlth saremne t o  
ineure a uniform distribution of sir at the oanpreaeor inlet. A i r  
waa dleoharged *om the ompreeeor Into a oollsutor that was om- 
neoted t o  the altttude-exhaust syetenn by two outlet  pipee. 

. 



. 

. 
Izlstrumentation 

for thie cumressor was eimilar t o  that 

7 

desoribed in refererme 3, In d e r  to detemlm the over4 
performance of the c a r p r e s ~ o r ,  inlet flow measurame~te were made 
in the W e t  depreseim tank and outlet measurement8 were made at 
a station looated 0.6 chard length downs- of thg stator blsde8 , 
Because of the 8 i Z e  of the inlet degresslon tank, the premsure a d  
temperature measuremepte were assumed to be Stagnation values. The 
outlet meaaureenente, inoluding total temperature, tot& pressure, 
s t a t i c  preasure, and flow angle were mede at four radial points 
a, b, c, amP d looated at the centers of four equal epaoea 

fe ren t l s l  tof;al-pre8Sure rakea esoh comming a blade paaesge and 
each  looate8 at  one of the radisl positione were eymmetriaally 
spaced around the oanpresam. 

8 C r O 8 S  the lettered t i p  to hub. P O W  19-tube Giro=- 
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Accuracy of Meaeuremente 

The, eetimsted  accuracy of temperature measurements for them 
data i e  w.lo and a.so F for the inlet ana outlet temperatures, 
reepectively. Compressor epeed m e  held  aonatant at e8Ch eped 
within f0.15 percent. The absolute air eagle at a glven radial 
survey etation is accurate  wlthln %).SOo. Thie eocuracy, hawsmr, 
does not include the deviations between the mean value averaged 
oircumferentially and the value obtained a t  a single circumferential 
point. These devlatione ehould  be amell except at extremely high 
and low angles of attack where separation may occur. 

Total  pressure is esthate8 t o  be acourate within k1.0 pement 
of the dynamic preesure. The velocities determined i3-m e t s t i c  and 
t o t a l  pressures have an estimated accuracy of 4 percent.  This rel- 
atively  high error is due both to  the  effect  of adverse flow con- 
ditione, euoh a s  radial flsw and blade wakes, an the etatic-preseure 
probe and t o  the suppoeitim that a survey at one circumferential 
point is indicative of the average flow about the circumference of 
the'compreseor.  Calculations have &am that the error6 in the 
velocity components will affect  turning angle and angle of attaok 
approximstely the same amount and in the same direction. Conse- 
quently,  these errors cause prac t i ca lu  no emor in slope or meaa 
values of the curve of turning angle  against angle of attack, but 
m e a t  the limiting points only. 

The over-all perf'onnsnce characteristics of the compreeeor are 
presented in figure 4. A t  the deeign speed of 18,060 rpm, 8 mslcj- 
mum preesure ra t io  of 1.281 wae obtained at BP efficiency of 0.90 
and an equivalent weight flow of approrimately 21.0 pounder per 
second. A peak effioienoy of 0.97 was reaohed at a weight flow of 
24.5 p o m e  per second with a total-preeeure  ratio P2/P1 of 1.18. 
Iassmuch as the  efficiency  presented is a weighted sverage over the 
main part of the blade and does not  include  tip-olearance cw annulue 
losses, this  efficiency is eesentlally a mean blade-element effi-  
ciency  rather  than an over-all compressor efficiency. The shape of 
the  efficiency curves and the looation of peak pointe, homvBr, 
are &CCU??&ely evaluated by theee data. 

Inaemuch ae no ccmparable experlmntal data are available on 
the  relation of pressure r a t io  and flow capaclty in axial-flow . 
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. OcQlpressor inlet stages, the capres8or used in t h i s  investi&atian 
cazl be rated only with re@ t o  theoretical  considerations. For 
a given relative Mach number and 0% limitation,  the pressure 
ra t io  and flow capacity of an mal-flow canpressor stage are 
f’unct€ons of the  hub-to-tip-radiue  ratio, the  velocity diagram, 
and the ratio of whirl t o  axial velooity. In general, a mal1 hub- 
to-tip-radius-ratio means a large flow area,  but f o r  vortex des iss  
the radial var ia t ion of relative Mach  nwnber and 0% is Large and 
tends t o  lfmit the preesure r a t i o  and flow obtainable, As discussed 
in referenoe 1, the uee of a symmetrical diagram at all radii 
results in a more nearly uniform relative Mach aLzmber a d  0% 

from hub t o   t i p  snd thue  gives a good coclibination of weight flow 
and pressure  ratio. AB the ra t fo  of w h i r l  t o  axial velocity ia 
decreased at a given Mach number and cIcL, the flow capacity is 
increased  but the pressure r a t io  and the  ompressor  rotative speed 
are decreased. The decrease in rotative meed in turn  decreases 
the  pressure-ratio  oapacity of the succeeding stagea. The ratio of 
w h i r l  to =la1 velocity wm for th ie  design varfes fKm 0.42 at 
the hub t o  1.95 a t  the blade t i p .  This range of values represente 
a compromise that tends t o  favor high preeeure ratio rather than 
high flow capacity  (reference 1) and has 8 relative- high rotative 
speed fo r  the given relative Mach rider limitation. At the weight 
flow of 24.5 pounds per second for peak efficienby at design speed, 
this compressor had an over-all  total-preseure  ratio of 1.18 and a 
flow that  is 62.4 percent of the maximum flow that would be obtained 
with  sonic axial velocity at  the rotor inlet. This ccaiblnatiorll of 
weight flow and pressure ratio is excellent for a u0mpreasor atage 
w3th a hub-to-tip r a t io  of 0.50. 

Compazison of Cmpreeeor Performanoe with Design 

Enerpv addition. - memuch as the design flow a t  deeign speed 
could not be reached, all campariaans of performance wlth design 
predictione and a l l  detailed flow etudiee are made f o r  three-fourths 
d e s i s  speed. Analysis of flow over the rotor i e  baaed on data 
without stator blaaee. The predicted  over-all performasoe at  three- 
fo&hs design speed is an isenthropic  total-pressure  ratio of 1.1 
at a weight flow of 21.5 pounds per eecond. figure 4, the’ 
extrapolated experimental pressure r a t io  obtained for the flow of 
21.5 pounds per second is only about 1.02, The princTpal factor8 
that  may muse t h i a  diecrepancy between design and emerimental 
pressure  ratio are: (1) boundary layer st the rotor in l e t  (2) eff i- 
ciency of ccmpression, (3) flaw dietribution at the  rotor inlet, 
and (4) enthalpy addition by the rotor. 
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The des ign valueer of weight flow and pressure r a t i o  are based 
on nonviscouk ideal-fluid flow. The desiga conditions a t  the inlet 
of the rotor will therefore occur a t  a s l ight ly  lower flow than the 
destgn value because of the boundary-layer  build-up through the 
in le t  bellmouth 8nd the guide vanes. Measurements indicated that 
the displacement  thickness of the boundary layer downstream of the 
guide vanes is of the  order of 0.050 inch a t  the t i p  and 0.010 inch 
at the hub. This displacement thickness will cauae design angle of 
attack cm the  rotor blades t o  be theoretically  obtained at a weight 
flow of 21.1 instead of 21.5 pounder per second. A t  t h i s  weight 
flow the over-all  efficiency  (extrapolated) is about 0.70. Appli- 
cation of this efficiency  to the isentropic pressure r a t i o  gives a 

pressure r a t i o  wae 1.03 for the carrected deelga weight flow of 
21.1 pounds per eecond. 

predicted P O ~ r O p i C  p 8 8 W  r a t i o  Of 1.07, whereas t he  eXp9rimentsl 

For a given rotor deeign, the pressure r a t i o  obtained w i l l  be 
a function of the relat ive Mach  number and relative angle of attack 
at  the  rotor Inlet. A t  a given rotor speed, these  factore will be 
determined by the weight flow, the axial velocity, and the turning- 
angle distribution through the inlet guide vanes. The radial vari- 
ation of re lat ive Maoh number and equivalent angle of attack a t  the 
rotor-blade inlet for a weight flaw of 21.1  pounds per eecond(design 
flow) is shown i n  figure 5. The equivalent angle of attack was baaed 
on an equivalent dlapam having a canstant axial velocity and, as 
recammended in referenae 4, util ized  the mean of the inlet  and outlet  
axial velocities and the t rue tangential cmpanente of velocity. 
For canparison, the design values of Mach number and angle of 
attack for three-fourthe  design epeed are aleo plotted In figure 5.  
Good agreement between the design and a c t u a l  dietributime was 
obtained. The in le t  Mach number at the blade t i p  for a weight flow 
of 21.1 pounds per second is only slightly higher than design and 
at the compressor hub it l a  slightly lover than deeign. A compar- 
ison of the experimantsl equivalent angle of attack with design 
values indicates that for the weight flov of 21.1 pounde per aecond, 
the experimental angles of attack at the hub were s l ight ly  above 
deeign values whereas those at the t i p  w e r e  s l ight ly  below. It is 
evident that the energy addition  anticipated for the given blade 
in le t  Mach number a318 angle of attack was not obtained Inasmuch as 
the  diecrepancy in angle of attack ie amall. Figure 6 ie a plot of 
mean (mass-averaged) t o t a l  enthalpy  addition against corrected 

of 90,100 foot-pounde per elug was obtained a t  a weight flow of 
about 19.1 pounds per ascud instead of 21.1 pound9 per second. 

weight flow. This 0-9 8hW8 that the deeign  enthalpy ddi t im 
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Approach t o  equilibrium. - There are two comnnn methods of  
determining the radial die t r ibu thn  of axial velocitg  at   the inlet 
t o  a stator-blade row. One ia the a e s ~ t i a n  that the axid veloc- 
ity distrtbution st the s t a t o r  inlet is t h e  8- as that a t  the 
ro tor  inlet. This conditicm is for zero radial flow for an inccan- 
pressible procees. The abeolute magnitude of the axial velocities 
are then detennlnd froan continuity. By %hie a8eumption, radial 
mcelera t ims  are admitted, but the elapeed tims for a particle of 
air t o  pass fKm the rotor Inlet t o  the stator in le t  ie assumed to 
be sufficiently emall t o  render the radial flow negligible. The 
second method is t o  assume that eimple-radial equilibrium of s t a t i c  
pressure and OentrifURal forces existe. In thie CaBe the  velocities 
it the stator inlet a& det-ed 
equilibrium equaticm 

in conjunction with Ccmtinuity and 
acceleratlona  within the blade row 

Aum the simple-radial- 

the mer= equatim. Radial 
are a~sumsd t o  be suff ioient ls  

large t o  establish the s t a t i o  pressure for simple eqnilibrium at- 
the stator inlet. The ccmplexitg of the  cauplete Euler equation 
f o r  radial  equilibrium makee it expedient t o  u8e me of these two 
aesumptions to obtain a simplified design theory. The actual flow 
distribution imaeaiately behind the rotor will, hawever, probably 
fall smevlmre between that assuming no ch8mge in axial velooity 
through the rotor row and that for simple equilibrium. Simple 
equilibrium w i l l  be more cloeely approached aa the distance 
d m t m m  of the rotor IS inCre-ed. 

As was aham in the aection Caapreesar Design, t h i ~  cam- 
pressor wae designed wing the aaBtmpticm of constant aria1 veloo- 
i t y  within the blade row. 

In order t o  detemine t o  what extent the actual flow f ollawed 
the d e e m  aesmption of constant &&I. velocity over the blade 
ruw, au~v80 are plotted In f i m  7 ocanpariag the measured mal- 
velocity dietributian ( in  tenns of velocity  ratio VZ/Vz,m) enter- 
ing'the rotor at  three-f&hB deet= speed and a flow of 18.2 pound8 
per second vlth that obtained at the measuring statim dcmnstre8n 
of the rotor. The axial-velo<~ity distributicm that would be 
expected at the rotor  outlet if the flow were in simple-radial equi- 
librium wing the meaeured tangential velooities is ab0 plotted.  
It is apparent that acme radial &if% in the flow occurred 80 as t o  
change the  axial-velocity  distribution over the blade rcry. This 



radial flow waa not, however, suff ioient   to   eat isfy ocmpletely the 
reQuireansnt of aimple-radial  equilibrium. As was expected, the 
a o t a a l  flaw through the rotor lay sanewhere between the assmptlcm 
of no change in arfaLvelot3ity  distribution o m  the rotor row and 
the assumption of the existence of simple-radial equillbrium at the 
rotor outlet . 

Rotor-Row Perf arm~po8 

Radial dietributlan of enerp;g addition. - A good method t o  
minimize mixing losses doumtream of a camressor rotor a d  t o  
fac i l i t a te  le t o  keep the total. enkt lpy  "hub t o   t i p  
constant. This compressor was therefore designed for a vortex 
addition by the rotor w i t h  oonstant enthalpy addition across the 
pa88-0 BTgure 8 i e  a plot af the rotor enthalpy addition 
U AVO - winst r d i u s  r a t io  at the rotor  outlet r/r% for the 
range of weight flows covered at three-fourthe deeign speed. A t  
the high weight flare, the enthalpy additIan at the blade t i p  l a  
extremely low snd increasee t h e  the hub. As the weight flov is 
decreaaed, the enthalpy addit ion at the t i p  inoreaoee rapidly 8 ~ 3  
compared with that at the hub. A t  weight flm of approrimafely 
19 pounds per second, the energy additicm is relatively uniform 
auroes the aaaulus. The weight flm that have the most -ann 
e n e r g  distribution are in the high-efffoiearcy rBp88. At the low 
weight flowa, the enthalpy addition continuously decreases f k a n  
the t i p  t o  the hub. Several lnterseting factore dotelmino the 
shape of the curves in f lgure 8. Briefly, the more predcunlnate 
factors are: 

~~ ~. 

e 

1. !The high etagger angles a d  lcnr eolidit ies at the blade 
t i p  reeult  In a somewhat lower value of the slope of the curve of 
turning angle against angle of attaok fcxr the t i p  eeoticm than fo r  
the hub section. This ef'feot l e  offset by the fact that, in gen- 
eral, a given ohange in weight flow oaut3ea a muoh larger oh8nge in 
angle of a t t a a  at  the  t i p  than at the hub. 

2. The high wheel speed at  the rotor t i p  in conjunction with 
the high stagger angles r e s u l t s  in a larger change la energy addi- 
tion for a given change in turming angle at the t i p  than at the hub. 

3. The effecte of radial equilibrium of stat io  pressure 0x1 
the flow at the rotor outlet cause8 a decrease in axial-velocity 
r a t i o  at the t i g  BB the flow is demeased, whereas near the hub the 

E 
1" 

. 
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axial-velocity  ratio i n m a s e e  Kith d e m e a s a  f 1 - D  These velooity 
changes, when applied t o  the equivalent di-, indioste an 
increase in angle of attsok a t  the t i p  and a decrease at the hub. 

large variaticme i n  energy distribution OBP apparently result 
f’ram changes in weight flow with blade deeigne of thie type. It is 
possible that a poor energy distribution  resulting f k a u  operatfan 
at a point other than desiga in one etage of a multietage oorm~ressor ‘ 

may be reduced in succeeding etagee. For opthum perfamanae, haw- 
ever, a l l  stages of a nmltlstage campressor ehould be axrefully 
matched t o  avoid mixing loesea reeulting f ’ r aa  operation other than 
design of one or more stages.  

Variation of turning angle with angle of attack. - Ccurpariacm 
of two-dimeneional static-easaade and three-dimeneional ro tor  data 
can be made 6 for the inner raclii of the oampressor beoause of 
the lack of cascade data for the oonibination of high stagger angles 
and law solidlt.ies enoounterod in thie  deelgn at the outer radii. 
The ccmparfson of erperimental perfornsaaoe u%th deeiga predlctiane, 
however, indiaatsd that the turning.emglee obtained weme oonaiderably 

ASe ie plotted agaiaet equivalent angle of attuak for four radial 
gositiane; for ocmparieos, the d e a i s  values obtairrea from the 
equation 

c below thoee anticipated. 3h figure 9,  the  equivalent turning angle 

A@’ - K (a + 8.28) 

and inoluding the arbitrary omrection for sol idi ty  and etagger w e  ahown. m e  turn- angles obtained at all radii nere ~ r p m  40 t o  go 
below thoee predl- for straight-through flow. A t  the outer radii 
where, the eoltdity is erbremely low (0.566 at the t i p )  and the stagger 
m e a  are high, the  arbitrary  correotim far solldity was 
oient. In the region of the hub, the validity aP the value of K 
and of 9,o wed t o  dotemhe the b l a d e - m e  sett ing ha8 been 

L verified by two-dimensional oaecade data (refr.wnce 4). The bis- 
crepancy near the hub (etation d) om, hawgver, be partly explained. 
by the radial flow due t o  t he  large hub taper. If a developed 
se&ion of the  blade is taken a l w  an appmrimste  streamlipe 
obtained by takiag equal flow increments at the inlet and outlet of 
the blaae row, the angle between the blade trrailing edge snd the 
blade chord will be reduoed a p p r ~ o l y  5’ as 8 reault of the 
decrease ip effeotive amber due t o  hub taper and blade t w i 8 t D  A t  
the intennedi&te statione, the underturning may result f r o d n  the 
collibined effeote of lneuflcioient allawanoe for deoreased 80libit7, 
inoreaeed stagger, radial flow8 resulting ilrom hub taper, and UdIoloWn 
iaduOea velooity effeate. F’or large hub tapers, the blade seotiane 
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ehould therefare be lay-& out along a developed c a n i d  surfbae 
that approrlmetee the streaml-e rather than ulang a developed 
oyl indrlcal  eurfaae, as  YCIB &om in thie design. In additicm, Q 
much greater alluwanae m e t  be made for the effect of eolidity slld 
stagger on turning than wae made, in this deelgn. 

In figure 9, an arrow indioatee the equivalent angle of attack 
for the weight flow givlng peak effioiency. The high sfiioienoy 
obtained at th i s  condition  indiaatee that all  seatiam of the blade 
are operating in a relatively law drag region of the angle-&- 
attack rsnge. A study of drag atad pressum-distrlbutia o m e m -  
ietloe of aeoades of bladee hae &awn that for a range of englee 
of attaok m either eide of that for optimum preseuro dist r ibut ion,  
efficient blade performance oan be obtained Beyond th ie  range of 
angle of attack, the blade drag in~eases  ragidly. Fcrr a glven 
blede sectinn, the angle of a t t w k  and reeulting turning w e  fcw 
optbnm gerfomance deareases with deoreaeing aolidity and inareaeing 
stagger. Thus, the wide range of turning anglee fPcm hub t o   t i p  on 
this canpressor can be efficiently obtained with a cx#letmt-camber 
blade over a limited range of weight flow. A t  the blade-tip eecticm, 
the slope of the turning-angle o m  increases very .rapidly as the 
n i g h t  flow ie inareaeed beyond 20 pourde gar macad, whlch o o m -  
egonde t o  an angle of att80k of apprarimately 3*. A rapid drop in 
enthalpy addition aocanpanled by an inarease in loseee reeulte a8 
the weight flow increases. A t  the hub the blade appeare t o  have a 
tendency t o  stall at  an angle of attack of approximately 1 7 O ,  and 
although  the turning angle increases with Inareasing arrgle of attack 
beyond th ie  value, thie  increaee ie probably &companied by drag 
hGr0aee8 , 

lproan these perf'ormsnoe chsraoterlstice of the ti3 and hub 
8ectlom, it appeare that in the range of hlgh-effiolenoy operation 
of the ocmpreseor the t i p  seation is operating near the low region 
of angle of attack of the effiolent blade operating range, whereas 
the hub is operating near the high region. Thus, a -11 vsrlatlon 
in  weiat  flaw in either dlreot im tende t o  o m s 8  a relatively large 
increase in losses. By the use of a lower oembered blade secticm 
st the t i p  and a higher cambex-ed blade  seotlon at  the hub, it ~ u l d  
therefore appear  possible to flatten  the effiolenoy o m  smewbt 
aml t o  minimize the poor radial distribution of energy addition at 
the extremes of the flaw range . 

The follcmkg reeulte were obtained f"ran exp?A.mental operation 
of a typical inlet &age of an arlsl-flow oampreseor deeignsd an the . 
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basis of constant total enthalpy and symmetrical velocity diagram 
a t  all radli: 

1. At the desiga speed of 18,060 zyp, a mean blade-elerment 
efficiency of 0.97 waa obtafaed at ern equivalent vei&t flow of 
24.5 pounds per second and an over-all total-pressure ra t io  & 
1.18. The maximum pressure r a t io  obtained wa8 1.28 at a weight 
flow of 21 .O pounds per aecond. Them ccmblnatione of weight f lat  
aad pressure  ratio were good for 8 compressor etage Kith a hub-to- 
tip-radius  ratio of 0.50. In adMtfon,  the high rotative speed 
& th i s  inlet-stage design will permit higher pressure ratios over 
the later etages of a multistage  canpreseor. 

2. The radial  distribution of axial velocity at the measur ing  
etation inaaediately dawnetream cxP the rotor ya8 emwhere b8tween 
the  design distribution, which assumed no change in  axial velocity 
through the rotor row, and that  dietribution wbich would have been 
obtained had the flow been in s3mple-radlal equilibrium. 

3. The enthalpy additlon  increased more rapidly at the blade 
t i p  than at the hub with decreasing weia t  flow. In the range aP 
peak efficiency, the design conditions of conetaat  enthalpy at all 
rad11 were very nearly achieved. 

4. The equation euggeeted by Kantrowitz mcl Daum (vfth  constant 
K = 0 . 9 )  uaed i n  set t ing the blades was invalid i n  the range of 
eol idi t ies  snd stagger anglee encountered near the tip section af th i s  
design. In general, the turning obtained was 4 O  to below that 
predicted by assuming atraight -through flaw. As a reeult ,  the 
design pressure r a t io  aTd peak efficiency were obtained at  a flow 
considerably below that for wfiich the  cc~lpreseor vae designed. 

5.  The data indicate that a variable-camber blade would minimize 
the radial  variations i n  energy eddftion and would tend t o  increase 
the range of high-eff iciency operation  over  that  obtained w i t h  this 
constant-oamber blade. 
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suring measuring a- 
etation 
(I’ I I 

0.500 1.1318 
0.564 1.0020 

.600 -9430 
,689 .82m 

.814 

.936 

Angle of 
angle attack 
Blade- 

a setting 
hd cp 

degl 
U.81 

62.70 1.84 
54.50 1.90 
5 0 . T ~  2.27 
42.70 3.40 
41.50 3.81 
33.10 6.w 
32.15 6.80 
25.50 9.73 
22.30 ll.20 
18.20 

h i u s  rstio taken at center line of blade on streamline conneoting 
meaeuring atatione upatream and downstrsara of rotor. 
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F i g u r e  7 .  - A x i a l   v e l o c i t y   d l s t r i b u t i o n  d o w n s t r e a m  

o f  r o t o r  a t  c o r r e c t e d  weight flow o f  18 .2  p o u n d s  

p e r  s e c o n d  f o r  t h r e e - f o u r t h s  desI3n s p e e d .  
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